Background: Different studies have shown similar or even lower mortality among homeless persons with compared to homeless persons without a severe mental disorder. Aims: To clarify the association between presence of a psychiatric diagnosis and mortality among the socially marginalized. Methods: The Public Mental health care (PMHc) is a legal task of the municipal authority aiming at prevention and intervention in case of (imminent) homelessness among persons with a serious shortage of self-sufficiency. The data of PMHc clients (N=6,724) and personally matched controls (N=66,247) were linked to the registries of Statistics Netherlands and analysed in a Cox model.
Introduction
It is known that vulnerably housed and homeless persons have mortality rates of 2-5 times or higher than that of the general population (Barrow et al., 1999; Babidge et al., 2001; Nordentoft & Wandall-Holm, 2003; van Laere et al., 2009; Nielsen et al., 2011; Hwang et al., 2009 ) and a higher prevalence of psychiatric disorders (Reinking et al., 2001; Fazel et al., 2008; Beijer & Andreasson, 2010; Folsom et al., 2005) . Various studies among the homeless consistently show that the presence of a substance abuse disorder is strongly associated with increased mortality (Nordentoft & Wandall-Holm, 2003; Nielsen et al., 2011; Hwang et al., 1998; Beijer et al., 2011) . For other psychiatric disorders, however, there is less evidence for increased mortality. Within the group of marginalized persons, schizophrenia and other mental disorders were often linked to similar (Beijer et al., 2011) or even lower mortality (Barrow et al., 1999; Babidge et al., 2001; Nordentoft & Wandall-Holm, 2003; Hwang et al., 1998; Beijer et al., 2007) . These findings are in clear contrast to studies showing increased mortality among psychiatric patients compared to the general population Saha et al., 2007) . Homeless persons with a severe mental illness may have more regular contacts with health care facilities and, thus, are more closely monitored also for somatic comorbidity (Barrow et al., 1999) . In addition, a large group of marginalized persons with undiagnosed mental illnesses who lack self-sufficiency and avoid contacts with health care services may exist (Nielsen et al., 2011 ).
In the above-mentioned studies, it remained unclear which causes of death were involved in the altered mortality. The Public Mental Health care (PMHc, 'Openbare Geestelijke Gezondheidszorg' in Dutch) is a legally appointed task of the municipal authority aimed at persons who have a serious lack of self-sufficiency and/ or who avoid social and financial support, and medical and/ or psychiatric care. Rather than a housing problem, homelessness in the Netherlands is considered a social and medical problem. Most of the PMHc target group are homeless or at risk of becoming homeless without adequate support and care. In this article we use the term 'vulnerably housed' to refer to this situation. (Street) outreach, guidance towards facilities for social, mental, and physical health care, housing and intervention in case of imminent homelessness, are important objectives. In the present record linkage study, we analysed the risk of premature death among clients of the PMHc in Utrecht city, the Netherlands. We assessed the relationship between presence of a psychiatric diagnosis and all-cause and cause-specific mortality.
Methods

Databases
A retrospective cohort study was performed using data from three different sources. (Smit et al., 2012) . This database contained 2,450 clients from 14 registration systems of various providers and with various starting dates. The three databases represent the entire group of PMHc clients in Utrecht over the period 2002 until 2010. Some but not all databases include civil service number. Name, date of birth, and gender were available in all databases for record linkage. The three files were merged and duplicates of client records were removed. The number of unique persons with registration until July 1 st , 2010 was 8,741. In the databases, demographic information was registered together with a list of problems for which intervention is needed.
Care inclusion criteria for the Public Mental Healthcare (PMHc) Access to services is restricted to adults who fulfil all of the following criteria: * having problems in more than one aspect of life such as (imminent) homelessness, insufficient self-care, anti-social behaviour or serious debts, * having psychiatric problems and/or being addicted, having cognitive problems and/or inadequate coping strategies, * displaying care-avoiding behaviour or being unable to find the way to social services, and * in need of care that is not available in the standard care packages
The second data source was the database with registered diagnoses of the Psychiatric Case Registry Middle Netherlands (PCR-MN). Since 1999, the PCR-MN receives information on psychiatric treatment of all patients who attend any of the in-or out-patient facilities for mental health care (including addiction clinics) in the city of Utrecht and surrounding municipalities . The third data source was the population register (GBA, 'Gemeentelijke Basisadministratie' in Dutch) and the linked causes of death register of Statistics Netherlands (CBS, 'Centraal Bureau voor de Statistiek' in Dutch).
Physicians in the Netherlands are obliged to report the cause of death to the civil register of the municipality where the person died. This information is forwarded to the CBS, where the death report is ICD-10 coded and entered into the database. In the GBA, all legally residing citizens of the Netherlands are registered with date of birth, gender, country of birth, and place of residence.
Clients and data extraction
From the files of the PMHc database in the period 1999-2010, 8,741 unique clients' records remained. Using the clients' date of birth, sex and the first 4 characters of the family name, the records were linked to the PCR-MN. In the next step, the staff of the CBS performed the linkage to the GBA, using the date of birth, sex and part of the postal code (extracted either from the database of the PMHc or database of the PCR-MN), and, if present, the civil registration number. The civil registration number is a personal identification number assigned to all legal residents in the Netherlands. Out of the 8,741 records, 6,724 records (76.9%) were used for the analysis. Reasons for exclusion of the other 2,017 records are given in the framed box below. The present analysis was restricted to the data of those aged 15 years and older and with earliest PMHc registration from 2002 until July 1 st , 2010, which form the greater part of the PMHc database (see framed box below). Albeit those younger than 18 years do not fulfill the official criteria for the PMHc, a few number of persons younger than 18 at the time of registration were found in the PMHc databases. Out of the 6,724 PMHc clients, a record linkage to the diagnosis file of the PCR-MN could be established for 4,104 ('PMHc+' clients) and for 2,620 no such record linkage was established ('PMHc-' clients). Presence of a record linkage implies having received any treatment for a registered psychiatric diagnosis at a local mental health facility during the years 1999-2009, including both acute or time-limited disorders and chronic mental illnesses.
Comparison of clients who were selected for the analysis with those not selected showed no important differences in the distribution of age at the earliest date of PMHc registration or ethnic origin. Among those selected, a slightly lower percentage of male gender (67.1% vs. 75.7%) and higher percentages of registered homelessness (36.6% vs. 19.4%) and of record linkage to the PCR-MN (61.0% vs. 14.3%) were found. This overrepresentation of clients with PCR-MN linkage and registered homelessness should be taken into account (see Discussion).
Controls
The reference group consisted of a random sample from the GBA of inhabitants who were alive during (a part of) the period 2002-2010 and with Utrecht city as last registered place of residence. Ten unique control persons were personally matched to a PMHc client using year of birth, gender, and ethnic origin (on the basis of the registered country of birth of the person and his/ her parents). The earliest date of PMHc registration of the PMHc client was transferred to his/ her matched controls, who were also followed from this date onwards. Those controls who were not alive or not legally residing in the Netherlands at that time were excluded, necessarily, and replaced by another control.
Analysis
The duration of follow-up started at the earliest date of registration in the PMHc of the (matched) client and ended at the date of death or was censored at 31/12/2010, whichever came first. In case of disappearing from the population registry before 31/12/2010 (4.9% for PMHc clients, e.g. in case of emigration), the follow-up time was censored at the final date of the last registered episode. In the first step of the analysis, rates of all-cause mortality (Number of death events per 10,000 years of observation) were calculated separately for clients and control persons, by age and gender.
In the second step of the analysis, the effect of the presence of a record linkage to the PCR-MN ('PMHc+' vs 'PMHc-' clients vs controls) on all-cause and cause-specific death rates was tested using a multivariable Cox regression model. Primary death causes with ICD-10 codes related to physical disorders (A00-E90, G00-R99) were categorized as 'natural death causes'. Death causes with ICD-10 codes of Chapter XX ('External causes of morbidity and mortality') such as suicide, accidents and homicide were categorized as 'external death causes'. Death causes with ICD-10 codes for 'Mental and behavioural disorders' (Chapter V) (e.g., non-intended heroin overdose following waning tolerance after a period of imprisonment, or vascular dementia) were regarded as separate category, neither related to physical disorders in a narrower sense nor to accidents, suicide or homicide. Next, 'PMHc+' clients 
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were categorized in mutually exclusive broad categories of psychiatric diagnoses and the presence of a comorbid substance abuse and/ or dependence disorder (SAD). Diagnoses were defined on the basis of registered DSM-IV codes (see footnotes of Table 3 ). As the presence of SAD is often associated with the presence of another axis-I mental disorder, and the effects on mortality were often different for these factors (see introduction), SAD was not included as independent factor in the analysis but evaluated within categories of other axis-I disorders (see Table 3 ).
The estimated hazard ratios (HRs) were adjusted for age at the start of follow-up, gender, and ethnic origin.
Data management, record linkage, preparation of the analysis files, and the Cox regression analyses were performed using SPSS, version 14.0. Testing of the mortality rates assuming a Poisson distribution was done in STATA, version 10.0.
All authors certify their full responsibility for the manuscript and state that they have no conflicts of interest.
Results
Study group and outcome (Table 1)
In Table 1 , the characteristics of the study group are given. Also for PMHc clients and controls, the numbers of registered death events (N=295 vs 986) and causes of death (natural: N=222 vs N=885, Mental and behavioural: N=23 vs N=25, and external: N=50 vs N=76) are given. Compared to controls, deaths were less often caused by physical disorders (75.2% vs 89.7%), and more often by mental and behavioural disorders (7.8% vs 2.5%) or external causes (16.9% vs. 7.7%) among PMHc clients.
Crude mortality rates (Table 2)
In Table 2 , the numbers of death events per 10,000 person years of follow-up are given per stratum by age and gender. Among males and females aged >25 years, significantly higher mortality rates were found for PMHc clients compared to controls and the estimated incidence rate ratios (IRRs) were all significantly higher than 1.00. The highest IRRs were found in the age category 25-45 years (5.6 for males and 4.7 for females) with a trend towards lower IRRs at higher age categories (e.g., >75 years: 1.7 and 1.9). In terms of differences, however, the gap between PMHc clients and the general population clearly increased, from 34.4 (males) and 19.6 (females) at age category 25-45 until 598.5 (males) and 620.7 (females) at age category >75. The overall IRR as estimated after collapsing the age-gender strata was 2.9.
Cause-specific mortality (Figure 1 and Figure 2) The significantly increased all-cause mortality among PMHc clients compared to controls (HR=2.99, 95%-CI: Termorshuizen et al.
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2.63-3.41, P<0.001) was associated with a broad range of natural and external causes of death (Figure 1 ). Except for death from infectious diseases among 'PMHc+' clients, a significantly increased cause-specific mortality was found among both 'PMHc+' and 'PMHc-' clients, compared to controls (Figure 1) . However, when directly comparing 'PMHc+' and 'PMHc-' clients, important differences in cause-specific mortality were found (Figure 2 ). Compared to 'PMHc-' clients, a lower all-cause mortality among 'PMHc+' clients was found which did not reach the level of statistical significance (HR=0.84, 95%-CI: 0.67-1.06, P=0.162). After breaking down all-cause mortality into different categories of causes of death, however, the HR of natural causes of death appeared to be significantly lower among 'PMHc+' clients (HR=0.71, 95%-CI: 0.54-0.92, P=0.011). This lower HR was due to smaller HRs of infectious, of circulatory, and of respiratory diseases. The HR of suicide was substantially higher among 'PMHc+' clients (HR=2.63, 95%-CI: 0.99-7.02, P=0.052). The HR of death due to mental and behavioural disorders was slightly and non-significantly increased (Figure 2 ).
Compared to controls, the HRs of suicide and of death due to mental and behavioural disorders among 'PMHc-' clients were both substantially and statistically significantly increased (HR=3.63, 95%-CI: 1.42-9.26, P=0.007 and HR=7.85, 95%-CI: 3.54-17.43, P<0.001, respectively) ( Figure 1) .
A registered episode of homelessness (i.e., living on the streets, N=2464) influenced neither all-cause nor causespecific mortality and inclusion of this covariate did not modify the estimated HRs for 'PMHc+' compared to 'PMHc-' clients (data not shown).
Cause-specific mortality in relation to diagnostic category (Table 3) HRs of cause-specific mortality were estimated for different diagnostic groups of 'PMHc+' clients compared to 'PMHc-' clients as reference category. Due to small numbers, natural causes of death were analysed as one category. Compared to 'PMHc-' clients, a substantially lower allcause mortality was found among 'PMHc+' clients with a mood or a psychotic disorder without a registered SAD (HR=0.48, 95%-CI: 0.31-0.74). This decreased HR appeared to be explained by a significantly decreased HR of natural death causes (HR=0.38, 95%-CI: 0.22-0.63). On the other hand, a substantially and significantly increased HR of suicide was found among 'PMHc+' clients with a mood or a psychotic disorder and a comorbid SAD (HR=8.56, 95%-CI: 3.04-24.08). Because of the small numbers per stratum, these results should be interpreted with caution.
Discussion
An increased mortality was established among clients of the PMHc in Utrecht. This appeared to be associated with a broad range of natural and external causes of death. PMHc clients with a registered diagnostic assessment at a local mental health care facility ('PMHc+') experienced a lower risk of natural death causes, but an increased risk of suicide compared to those without ('PMHc-' clients). When comparing 'PMHc-' clients with the general population, significantly increased risks of suicide and death due to mental and behavioural disorders were found.
Interpretation and comparison with other studies
The rate ratio of all-cause death among PMHc clients compared to controls of 2.9 was in the range of estimates previously reported (Barrow et al., 1999; Babidge et al., 2001; Nordentoft & Wandall-Holm, 2003; van Laere et al., 2009; Nielsen et al., 2011; Hwang et al., 2009) . The trend towards a lower rate ratio with increasing age was also found in the study of Nielsen et al. among the homeless (Nielsen et al., 2011) and in the study of Hwang et al. among marginally housed persons (Hwang et al., 2009 ). Especially PMHc clients at young age appear to be at comparatively high risk of the adverse health effects and the risk of premature death associated with marginalized living conditions. The lower death rate ratio at a higher age may be due to the selective survival of those who possess better resilience. On the other hand, when comparing PMHc clients with the general population in terms of a rate difference (instead of a ratio), an excess mortality at high ages was present. Thus, for prevention of premature death, targeting those at higher ages is as important as well.
Our finding of slightly lower all-cause mortality among 'PMHc+' clients is in accordance with earlier studies among the homeless that, counter-intuitively, found similar or reduced mortality among those with a mental illness compared to the marginalized without (registered) mental illness (Beijer et al., 2011; Barrow et al., 1999; Babidge et al., 2001; Nordentoft & Wandall-Holm, 2003b; Hwang et al., 1998; Beijer et al., 2007) . In the present study, this lower mortality appeared to be the result of a differential influence on the risk of natural causes of death, which was significantly decreased, as opposed to the risk of suicide, which was clearly increased among 'PMHc+' compared to 'PMHc-' clients. The high risk of suicide among 'PMHc+' clients indicates that this subgroup indeed is characterized by a high prevalence of severe psychopathology. Notwithstanding the presence of these severe psychiatric problems, which are known to have a strong and unfavourable impact on physical health as well (Carney et al., 2002; , the rate of natural death was significantly lower among these 'PMHc+' clients. This finding suggests that mental health care facilities are an important point for intervention for physical disorders, e.g. by providing physical health care themselves or by guiding their patients to facilities for appropriate medical care. In addition, the reduced rate of natural death 8
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among 'PMHc+' clients may also indicate that these clients are more amenable for health care in general compared to 'PMHc-' clients. In the study of Hwang et al. among clients of the Boston Health Care for the homeless Program, a diagnosed mental illness appeared to be statistically associated with a higher percentage of health care contacts in the year prior to death (Hwang et al., 2001) .On the other hand, among 'PMHc-' clients a high proportion of care avoiders is likely. This notion of care avoidance is supported by the finding of increased risks of suicide and death due to mental and behavioural disorders among 'PMHc-' clients compared to controls. This finding points to a high prevalence of mental health problems also among 'PMHc-' clients which are probably not diagnosed and appropriately treated.
The lower natural death among 'PMHc+' compared to 'PMHc-' clients appeared to be associated especially with the presence of a mood or psychotic disorder without a comorbid diagnosis of a SAD. This finding supports the supposition that the presence of a severe mental illness requiring chronic mental health care is favourably associated with lower rates of natural death causes. The increased suicide risk among 'PMHc+' clients appeared to be associated especially with the presence of a mood or psychotic disorder with a comorbid diagnosis of SAD. The differential effects of mental illness vs. SAD on mortality have been reported before (Beijer et al., 2011; Hwang et al., 1998; Nielsen et al., 2011; Nordentoft & Wandall-Holm, 2003) . In a recent study in Stockholm, the excess mortality among homeless men and women was fully explained by the prevalence of SAD (Beijer et al., 2011) . The presence of a comorbid SAD in addition to a chronic psychiatric disorder, the so-called dual diagnosis, is often associated with lower treatment adherence and hazardous health consequences (Drake et al., 1998; Wilk et al., 2006) . This may explain our finding among 'PMHc+' clients with a mood or a psychotic disorder that presence of a comorbid SAD seemed to outweigh the favourable effects of receiving chronic psychiatric care on premature death.
Strengths and limitations
In the present study, we used the linkage between three data-sources to explore mortality, specific causes of death and its correlates among a large group of clients of the PMHc with more than 20,000 person years of observation. The proportion of 26.3% of client's records without valid linkage to the CBS was similar to earlier findings for the PCR-MN as a whole (21%) . Although it is a hard task to get and keep PMHc clients in follow-up studies, by using the population registry the vast majority could be followed from date of earliest registration until death or 31/10/2010. These dates were the pivotal variables in the analysis and may be regarded as highly reliable. Furthermore, the PCR-MN registers individual patient data of all psychiatric services in Utrecht and surroundings and, thus, may be regarded as fairly complete. Although other external death causes may be spuriously registered as suicide, misclassification between natural death causes and suicide is less obvious. Thus, our rates of suicide may be overestimated but this does not explain the lower rates of natural death among 'PMHc+' clients.
The increased IRR of death among PMHc clients compared to the general population was adjusted for gender, age, and ethnic origin, as these factors were taken into account in the matching procedure. However, residual confounding may still be present due to other important factors that might explain the increased IRR, such as lower education and income, and lack of social capital. Thus, this study do not give insight into the precise mechanisms underlying the higher risk of death among the socially marginalized.
We found a high occurrence of psychiatric disorders and comorbid SAD, which is in accordance with earlier reports (Reinking et al., 2001; Fazel et al., 2008; Beijer & Andreasson, 2010; Folsom et al., 2005) . However, our data were not suitable for valid prevalence estimates, as an important proportion of mental health problems remained probably undiagnosed. In addition, those PMHc clients with a PCR-MN record linkage were overrepresented in the final selection, as data from the PCR-MN were used to establish a link with the GBA. As a trend towards a lower mortality was found among those with a PCR-MN record linkage, the observed mortality gap between PMHc clients and the general population was probably even an underestimate. For this reason, our findings are not fully generalizable to the total population of marginalized persons. On the other hand, the comparison between the 'PMHc+' and 'PMHc-' clients was not influenced by this overrepresentation of 'PMHc+' clients.
We may question whether the group of PMHc clients is similar to the study populations in other studies. Among the PMHc clients included in the present analysis, a higher percentage of registered homelessness was found compared to the clients who were excluded because of insufficient data, which also restricts generalizability to all PMHc clients. But probably more important, the starting point of follow-up in earlier studies was often registration at a shelter for the homeless, whereas the PMHc also encompasses clients who are at high risk of homelessness. However, homelessness is not a trait, but often a temporary state. Thus, the follow-up in the studies among the homeless inevitably includes episodes of more stable housing or residence at psychiatric institutions. We found no difference in mortality between PMHc clients with and those without a registered episode of homelessness. However, this crude comparison is probably insufficient to capture the capricious course of living conditions and treatment trajectories and associated health risks among the socially marginalised.
In the present analysis, details on actually received psychiatric and physical health care were not taken into account. Thus, whether our finding of lower risk of natural death among 'PMHc+' clients indicates a causal relationship with intensity and quality of delivered care is an issue that remains to be settled.
Albeit large numbers of person years were included in the analysis, the number of death events was limited, especially after splitting up this number in both categories of death causes and in categories of psychiatric diagnoses. Databases updated with more calendar years and/ or extended with data from other PMHc services are needed to further explore the relationship between specific psychiatric diagnoses and cause-specific mortality.
Conclusion
Services for mental health care may deliver an important contribution to the prevention of premature death among PMHc clients. The presence of a group of PMHc clients with high rates of suicide and death due to mental and behavioural disorders, but without a registered mental illness highlight the challenge for mental health services to get and keep PMHc clients into psychiatric care. Dual diagnosis patients form another important challenge in the prevention of premature death among the homeless and the socially marginalized.
